. The present study aims to clarify seasonal variation in a perceived indoor environment and SBS symptoms in a temperate climate. A total of 116 workers were recruited from office buildings in southern Japan that presented no apparent serious indoor problems. A validated questionnaire was distributed four times, once at the end of each season. Seasonal effects on the perceived indoor environment and SBS symptoms were investigated with a parametric test for repeated measurement of categorical data. Logits were used as the response function, and were compared to overall logits to determine the relevant odds ratios (OR). The effect of season/building interaction was also evaluated. Significant seasonal variation in the perceived indoor environment was found for temperature, dryness, air stuffiness, and static electricity (p for season, <0.05), although the seasonal patterns for temperature and dryness differed according to the building (p for interaction, <0.05). Symptoms in the mucous membrane (eyes, nose, and throat) and skin increased considerably in the winter and spring (p for season, <0.05), whereas general symptoms varied little, but such seasonality of symptoms was not modified by the building factor. The associations between perception of indoor environments and mucous and skin symptoms became stronger during winter and spring. The present results suggest that perceived indoor environments, nonspecific symptoms and their associations are
Increasing attention has been paid to office environments, where indoor employees spend most of the day. A collection of non-specific symptoms often seen in office workers (including irritation of the mucous membrane, skin symptoms and general malaise) has come to be referred to as "sick building syndrome," or SBS 1) . Epidemiological studies have identified various work environmental and personal factors associated with symptoms typical of SBS [2] [3] [4] . There is no uniform definition of SBS and mechanisms involved are largely unknown. Jaakkola reviewed the concept of the SBS and concluded that no single syndrome exists that could be considered as a medical disease entity 5) . He proposed a theoretical model, the Office Environment Model, to explain the relationship between the office environment and health. In the model, possible underlying mechanisms are summarized as follows: 1) mechanical irritation and inflammation; 2) immunological, including type 1 and type 3 allergic reactions; 3) toxicity; 4) infectious; and 5) environmental psychological stress. Environmental determinants of SBS are categorized into two: 1) physical environment, such as thermal climate, electromagnetic fields, lighting and chemical and biological indoor air pollutants; and 2) social environment, such as rules, norms and organizational factors. Constitutional determinants, including age, gender and health status, are also incorporated in the model. Exposure to a given environmental factor can cause different types of symptoms and signs, which may depend on constitutional characteristics of the individual, duration of exposure or other exposure patterns.
SBS may occur more often during the periods when indoor workers are subject to SBS risk factors, including the use of air-conditioners 6) . Studies have shown that skin condition worsens after exposure to low humidity 7, 8) , and that this is usually observed in seasons in which heating is used. In a Swedish study that examined seasonal variation in unspecific symptoms, however, the prevalence of most symptoms did not differ much throughout the four seasons 9) . To the best of our knowledge, no study has examined seasonality of the symptoms in a temperate climate featuring considerable changes in meteorological parameters from season to season. The climate in Japan is temperate but is distinguished by its hot and humid summer (where the mean relative humidity is over 70%); here airconditioning is used for cooling in the summer and for heating in the cooler seasons. The knowledge of seasonal variation of symptoms typical of SBS as well as indoor environments may be useful in recognizing season as a risk factor of SBS and thus emphasizing the need for control measures during peak seasons. It may also be utilized in future epidemiological studies when deciding the timing of research and the length of the recall period asked for the symptoms.
The present study therefore examined longitudinally seasonal changes in the perceived indoor environment and symptoms typical of SBS among workers in city office buildings in Japan. In this context, it may be hypothesized that certain building characteristics may modify seasonal variation. For instance, workers in an airtight building may present little seasonal difference. Therefore, we also examined whether the seasonal patterns differed among buildings, in terms of window type and the age of building. Symptoms typical of SBS are referred to as "SBS symptoms" in this paper.
Materials and Methods

Setting
The study setting consisted of three Kitakyushu City Office buildings. The climate in the study area is typical of the eastern Asian-Pacific region; both temperature and humidity are high in summer and relatively low in winter. According to data from the weather station nearest to the study site, the mean temperature for August, 1999 and that for February, 2000 were 26.7°C (minimum, 19.3; maximum, 33.2) and 5.3°C (minimum, -0.5; maximum, 14.3), respectively; means of relative humidity for the corresponding periods were 74% and 56%.
Building and Indoor Air Measurements
All the buildings studied are equipped with Heating/ Ventilation/Air-Conditioning (HVAC) systems with air humidifiers. Noted differences among buildings included type of window (building A, non-opening; buildings B and C, opening) and age of building (building A, 28 yr; building B, 1 yr; building C, 26 yr). The approximate numbers of employees in buildings A, B, and C were 2,000, 800, and 300, respectively. We obtained records of spot measurements of the indoor environment of buildings A and B in fiscal 1999, which were conducted bimonthly by law. Measurement parameters included temperature, humidity, CO 2 , CO and airborne dust. Formaldehyde and volatile organic compounds were not included in the list. Smoking had been allowed in most areas of the buildings in question at the time of our previous survey 10) , but it was subsequently restricted to designated smoking rooms or areas prior to the present study.
Questionnaire
We used the Japanese version of MM040EA 11) , a validated self-administered questionnaire designed for the epidemiological assessment of indoor air quality and SBS symptoms. The questionnaire has been widely used in Nordic countries 12) and was employed in our previous study 10) . The questionnaire used in the present study includes queries about the perceived indoor environment (12 items) and symptoms typical of SBS (12 items) during the previous three months (appendix), in addition to details of sex, age, work experience, and smoking habits. For each item, one of three answers ('Yes, often (weekly)', 'Yes, sometimes', 'No, never') was possible. The relation between the symptom in question and the work environment was further investigated for a positive answer ('Yes, often' or 'Yes, sometimes'), but this method was not used in the present study. Queries about psychological stress were omitted.
Survey
A total of 116 volunteers from the three Kitakyushu City Office buildings agreed to participate in the study: the numbers of participants were 53, 58 and 5 for buildings A, B and C, respectively. They were recruited through a personal network; i.e., through friends or former office colleagues of the staff of the occupational health and safety division. They were mainly clerical workers and engineers. The abovementioned questionnaire was distributed and returned at the end of each season (from August, 1999 through April, 2000), through the internal office mailing system. Originally, we planned to conduct the fourth survey for the spring season (March, April, May) at the end of May, 2000, but instead this was conducted in the middle of April due to a periodic wholesale change of workers at the beginning of May. Accordingly, we shortened the target period for perceptions and symptoms for the survey to the previous two months. A 100% response rate was obtained for all surveys. The mean age of subjects was 37 yr old (24 to 56 yr) and 34% were female.
Statistical Analysis
Seasonal effects on the perceived indoor environment and symptoms were investigated with the parametric test proposed by Koch et al. 13) for repeated measurement of categorical data. 'Yes, often' was rarely used by the respondents; therefore the variables were dichotomized into 'Yes, often and sometimes' and 'No, never' for the analysis. Logits were used as the response function and were compared to overall logits to determine the relevant odds ratios (OR). The OR thus represents a ratio of the odds for 'Yes, often or sometimes' for the relevant season/ building to overall odds. Wherever possible, the interaction term for season/building was included in the model together with the main effects. If the interaction effect was significant, a separate analysis was performed for buildings A and B. The analysis for the draught did not allow for inclusion of the interaction term in the model, due to a lack of 'Yes, often or sometimes' answers. To investigate seasonal difference in the strength of the association between indoor environments and symptoms, building-sex-and age-adjusted ORs of having mucous and skin symptoms associated with the perceived work environment were calculated by logistic regression. All skin symptoms were grouped together due to few subjects having each of these symptoms sometimes or often. Analysis was performed with SAS software 14) . Table 1 shows indoor temperature and humidity for buildings A and B from April 1999 to March 2000 for building areas with the largest proportion of subjects. All data shown are point-in-time measurements (around 2 p.m.) at the central point of each section. The difference between minimum and maximum temperature was small in both buildings. The temperature in building A was higher in August (26.0°C) and December (25.2°C) than during other months, but the temperature in building B was the highest in October (26.3°C). Relative humidity was highest in August (70%) and lowest in February (29%) in building B, but it was relatively constant throughout the seasons in building A (43% to 51%). In both buildings, the remaining measurements met the criteria established in Japanese guidelines for indoor environments (CO<10 ppm, CO 2 <1000 ppm , and airborne dust ranging from 0.01 to 0.05 mg/m 3 ). Table 2 shows perceptions of the indoor environment over the course of four seasons. More than half the subjects, on average, perceived temperatures as too high, noted varying temperatures, complained of dry air, or reported stuffy air. Static electricity and stuffy air were perceived as significantly less prevalent in the summer (OR=0.2 and 0.5, respectively) and more so in the winter (OR=1.8 and 1.3) and in the spring (OR=2.3 and 1.4). The spring was significantly associated with an increased probability that the subjects would report perception concerning dust and dirt (OR=1.6), and passive smoking (OR=1.3). Seasonal patterns of perception differed significantly by building for temperatures that were too high, temperatures that were too low, and dry air (p for season/building interaction term <0.05). Perception of dry air increased significantly in the autumn in building B (OR=1.7), but it was relatively stable throughout four seasons in building A (p for season=0.19). Complaints that the temperature was too high increased in the summer in building A (OR=1.7), and it increased in the autumn in building B (OR=2.1). Relative to other buildings, perceptions were significantly higher in building A for four environment factors: stuffy air (OR=2.1), passive smoking (OR=2.0), lighting (OR=1.7), and unpleasant odor (OR=1.6). A non-significantly higher OR in building A was also observed for static electricity (OR=1.4) and dry air (OR=1.3).
Results
As shown in Table 3 , a clear seasonal difference was observed for symptoms of the mucous membrane (eyes, nose and throat) and skin. Frequencies for these symptoms were lowest in summer and increased in winter and/or spring. Skin symptoms, rare in summer, more than doubled in frequency in the winter and spring. In contrast, there was little seasonal variation for general symptoms, although fatigue increased moderately in summer (OR=1.3). Neither the building factor nor the season/building interaction term was significant for all symptoms. Overall, the ORs for having mucous and skin symptoms associated with poor indoor environments were higher in autumn, winter and spring than in summer (Table 4) . Dry air and stuffy bad air increased ORs of many symptoms across seasons. Summer was associated with a higher OR for having skin symptoms for dry air and low temperature, compared to other seasons.
Discussion
We assessed seasonal variation in perceptions of indoor environments and in SBS symptoms among Japanese workers in office buildings that presented no apparent serious indoor problems. This study featured several advantages: it was conducted among a single group of subjects, used a validated questionnaire relating to indoor air problems, and obtained a response rate of 100% for each survey. We observed a large seasonal difference in perceptions of the indoor environment and in symptoms for the mucous membranes and skin.
The present results are in marked contrast with the finding of a Swedish study 9) that showed little seasonal variation in SBS symptoms. The subjects of the Swedish (11) 13 (12) 26 ( Notes: Upper: number (percent); lower: odds ratio compared to overall seasons (95% confidence interval). *p for seasonal effect Bold: p<0.05; * adjusted for building (building A, and buildings B and C) , sex, and age (continuous); † temperature survey were selected from among the general population and each subject participated in only one of the four surveys. Besides such methodological differences from the present study, the differences in climate offers a plausible explanation for the contradictory findings; the long heating season and the moderate humidity in summer in Sweden may lead to a relatively stable indoor environment in terms of the factors associated with SBS symptoms. Humidity levels in building A remained relatively low throughout the year (40% to 50%), whereas humidity in building B was higher in summer (70%) than during the other seasons (30% to 50%). This seasonal difference in humidity levels may explain the high prevalence of perceived dry air (with small seasonal variation) in building A and the wide variation in the perception of dry air in building B. Humidity in building B in summer was at the highest level within the Japanese standard (relative humidity, 40-70%), and the lowest level in autumn. We therefore infer that this large reduction in humidity in autumn may increase perceptions of dryness.
Among the present subjects, symptoms in the mucous membranes and skin increased significantly during the winter and spring, although indoor air was humidified in the buildings studied. Field studies have indicated that moderate humidification in the heating season decreases the perception of dryness and the occurrence of SBS symptoms in indoor environments with extremely low humidity levels 12, 15) , common in northern countries. It remains to be seen, however, whether humidification in a temperate climate is beneficial in reducing SBS symptoms.
Measurements for the present buildings showed that the indoor temperature fluctuated within a narrow range (from 23°C to 26°C), well within the national guideline for indoor temperature (from 17°C to 28°C). Nevertheless, perceptions of temperature varied significantly according to the season. This agrees with the general idea that the comfortable temperature range is quite narrow.
High temperature is positively associated with perception of poor indoor air quality and general symptoms, including fatigue and headache 16) . The proportion of subjects in building B who perceived the indoor temperature as too high increased significantly in the autumn, during which temperature was reduced only by opening windows. In building A, where mechanical control of temperature was exercised throughout the year, the indoor temperature was set at high levels in the summer (26.0°C in August) based on a policy of energy conservation. These specific policies regarding temperature control might cause thermal discomfort among employees.
Indoor measurements, as well as the low prevalence of weekly occurring SBS symptoms (data not shown), compared to the results of previous surveys 11) , indicate that the present buildings were not "sick", but, relatively speaking, building A was less comfortable than building B, based on the subjects' perceptions. In building A, the proportion of subjects who complained of stuffy air was twice as high as that for building B. This could be attributable to the difference in window type (building A: non-opening; building B: opening) or to the respective HVAC systems (building A was built in the 1970s, whereas building B is just one year old). The present results are consistent with that finding that new building technology is associated with more comfortable office environments than older ones, without creating greater health problems among workers 17) . We observed a stronger association between perceived indoor environments and mucous and skin symptoms during autumn, winter and spring than in summer. We have no clear explanation for this finding, but several explanations are possible in light of the Jaakkola's model 5) : 1) change in the levels of each etiologic factor in the direction that is more likely to cause symptoms (i.e., lower humidity levels in winter season); 2) enhanced effects of a etiologic factor in the presence of other environmental factors. On the other hand, the associations of skin symptoms with dry air or with too low temperature were stronger in summer than in other seasons. The use of air conditioners in summer may have a greater impact on the occurrence of skin symptoms than in other seasons.
Some studies in northern countries have used a oneyear recall period in asking about symptoms 18) . The present finding of a large seasonal variation for symptoms of the mucous membranes and skin may inform future epidemiological studies in a temperate climate. That is, in regions with wide climate variations such as Japan, a shorter recall period for symptoms would be recommended.
We should mention the limitations of the present study. First, no systematic measurements of indoor air pollutants were done. Second, we did not obtain data for home environments. This may obscure the determination of seasonal patterns in SBS symptoms associated with the indoor work environment. Third, causal inference is limited from the results of cross-sectional analysis for the association between perceived indoor environments and symptoms. Fourth, the study subjects were not randomly selected. Fifth, generalization of the present findings to other areas or to other types of buildings should be made cautiously. For example, in northern areas of Japan, where the heating period is much longer than in the present study area, seasonal variations in SBS symptoms may differ from those determined here. Also, as the present study was conducted in buildings with mechanical ventilation, the results obtained cannot be applied to buildings with natural ventilation.
Among Japanese office workers, we found a large seasonal variation in perceptions of the indoor environment, which variation differed among buildings, and a consistent increase in the frequency of symptoms affecting the mucous membranes and skin during the winter and spring months. These findings indicate that season is a determinant of both perception of indoor environments and the occurrence of SBS symptoms in a temperate climate, and that building characteristics significantly modify the seasonal pattern of perception. Excess risk of mucous and skin symptoms during winter and spring seasons observed in the present study may underline the need for appropriate countermeasures, including air humidification, use of air filters, or increased ventilation flow. Future studies should evaluate whether such control measures can reduce the risk of nonspecific symptoms among office employees during the peak seasons.
